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APOPTOTIC-LIKE ACTIVITY OF STAUROSPORINE IN AXENIC  
CULTURES OF Trypanosoma evansi
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SUMMARY
Trypanosoma evansi is a blood protozoan parasite of the genus Trypanosoma which is responsible for surra (Trypanosomosis) in 
domestic and wild animals. This study addressed apoptotic-like features in Trypanosoma evansi in vitro. The mechanism of parasite 
death was investigated using staurosporine as an inducing agent. We evaluated its effects through several cytoplasmic features of 
apoptosis, including cell shrinkage, phosphatidylserine exposure, maintenance of plasma membrane integrity, and mitochondrial 
trans-membrane potential. For access to these features we have used the flow cytometry and fluorescence microscopy with cultures 
in the stationary phase and adjusted to a density of 106 cells/mL. The apoptotic effect of staurosporine in T. evansi was evaluated at 
20 nM final concentration. There was an increase of phosphatidylserine exposure, whereas mitochondrial potential was decreased. 
Moreover, no evidence of cell permeability increasing with staurosporine was observed in this study, suggesting the absence of a necrotic 
process. Additional studies are needed to elucidate the possible pathways associated with this form of cell death in this hemoparasite.
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INTRODUCTION
Trypanosoma evansi is the most widely distributed among pathogenic 
animal trypanosomes, affecting domestic and wild animals in Asia, Africa 
and Central and South America8,11. The alterations caused by infection 
with this parasite are multifactorial, occurring in several clinical signs 
in hosts, including weakness, weight loss, elevation of body temperature 
and neurological signs4,22. The available drugs against T. evansi show 
significant toxicity in horses. There is an imperative need to develop 
control measures for trypanosomosis by using the efficacy of the new 
molecule inhibitors. Very little effort is being made to develop improved 
methods of prevention, diagnosis and treatment28. Therefore, we look for 
potential targets related to apoptosis in T. evansi.
Axenic media has been described as allowing a culture of infective 
trypanosomes which retain in vitro their specific surface antigens and 
their morphological and biochemical features2,17. This kind of culture 
provides us with information about elucidation of diverse physiological 
features in the parasite such as growth, control of population density and 
cell death. Trypanosoma, spp. and Leishmania, spp. have been shown to 
exhibit apoptosis-like death as a means of parasite population control or 
following exposure to drugs12,13,34,39.
Kinetoplastid parasites share several features with apoptosis of 
multicellular organisms, including cytoplasmic membrane blebbing 
and vacuolization, changes in mitochondrial potential (DY
m
), chromatin 
condensation and DNA fragmentation. However, trypanosomatids lack 
of genes, Bcl-2 family genes and the TNF-related family of receptors. 
The most important advantage of the comprehension of cell death in 
kinetoplastids would be the design of more-active and less toxic drugs 
directed towards specific molecular targets of the parasite. In this 
regard, the compound staurosporine (STS) a protein kinase inhibitor 
and apoptosis inductor in higher eukaryotes3 has exhibited significant 
anti-parasitic activity against Leishmania major (IC50 5.30 mM) and 
T. brucei (IC50 0.022 mM)26. STS is a prototypical ATP-competitive 
kinase inhibitor in that it binds to many kinases with high affinity, though 
with little selectivity18. This lack of specificity has precluded its clinical 
use, but has made it a valuable research tool for investigating cell death 
processes. Thus, we addressed the apoptotic features in T. evansi with 
the use of STS.
MATERIALS AND METHODS
Parasite culture: Trypanosomes were adapted to axenic culture 
conditions using a method adapted from ZWEYGARTH et al.41. 
TeAp-N/D1 Trypanosoma evansi strain25 were grown in vitro in a 
minimum essential medium (MEM) with Earle’s salts supplemented 
with 1 mg of glucose mL-1, 1% MEM nonessential amino acids (100×), 
2.2 mg of NaHCO3 mL-1 and 10 mM HEPES. The medium was further 
supplemented with 2 mM sodium pyruvate, 0.2 mM 2-mercaptoethanol, 
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0.1 mM hypoxanthine and 15% heat-inactivated horse serum. 
Apoptosis induction: Apoptosis induction with STS was 
accomplished in 24-well plates in a total volume of 1 mL with a density 
of 1 x 106 organisms/mL from previously stationary phase cultures (2.3 x 
106 organisms/mL). Thereafter STS (Sigma) at 20 nM final concentration 
was added. The concentration of STS that inhibited trypanosome growth 
by 50% (IC50) was 50 nM as measured by direct counting of survivors 
using a hemocytometer (data no shown). Previously, it has determined 
IC50 of STS for T. brucei (22 nM)26. Necrosis control was achieved using 
6 mM digitonin in parasite cultures.
Flow cytometric analysis: Phosphatidylserine (PS) exposure on 
the outer plasma membrane was measured by staining cells with 1 mg/
mL of annexin V-Alexa Fluor (Invitrogen). The mitochondrial trans-
membrane potential (DYm) was measured by incubating cells with 
20 nM Mitotracker-Red ® (Invitrogen). Plasma membrane integrity 
was assessed by using propidium iodide (Sigma) in the absence of cell 
permeant. Relative DNA content was assessed using propidium iodide 
after cell permeabilization with 6 mM digitonin. Cells were analyzed 
using FACScalibur®cell sorter (BD Biosciences)
Fluorescence microscopy: T. evansi cells were stained with 
Annexin V-Alexa Fluor (green fluorescence), thereafter fixed in 3% 
(w/v) paraformaldehyde in PBS for 10 min. The fixed cells were washed 
three times in PBS for 10 min each and examined under a fluorescence 
microscope (magnification 100X, Nikon Eclipse® E-600, NY, USA).
Analysis of results: Flow cytometry data were analyzed with the 
software Weasel® 3.01(Walter Eliza Hall Institute Medical Research, 
Victoria, Australia). Statistical analysis of data was analyzed with 
Graphpad Prism 5.02® (CA, USA). Mann-Whitney test was used to 
compare statistical differences between histograms with a significance 
level of 0.05.
RESULTS
Apoptotic features in T. evansi: In order to analyze STS-induced 
cell death in T. evansi, a fluorescence-activated cell sorter (FACS) 
analysis was employed. When treated with STS, the population on the 
right shifted towards the left, indicating cell shrinkage (Fig. 1a). The 
decrease in cell volume is an important early event of apoptosis that 
distinguishes it from necrosis6.
Though the analysis of light scattering data are limited to suggesting 
the existence of an apoptotic process, the apparent effect of STS was 
complemented by checking classical features of apoptotic cell death. 
Figure 1b shows phosphatidylserine exposure at the outer cell surface with 
a significant change of histogram median. Additionally T. evansi cells in 
presence of STS disrupted its mitochondrial trans-membrane potential 
(Dy
m
) (Fig. 1c) which was measured through mitotracker red staining.
Cell shrinkage and maintenance of plasma membrane impermeability 
are two of the major features of mammalian cell apoptosis, which 
distinguishes it from the passive and chaotic destruction process of 
necrosis14. The propidium iodide (PI), when used in the absence of cell 
permeant, does not stain apoptotic cells, but it enters and stains necrotic 
cells, whose plasma membrane is damaged. T. evansi in vitro culture for 
24 h with STS was not labeled by PI, whereas treatment with digitonin 
(that induce necrotic death) caused an increase in PI fluorescence (Fig. 
2a), moreover DNA degradation was observed in the presence of STS; 
Fig. 2b shows the fluorescence modification that suggests a nuclear 
process associated to STS action1.
Fluorescence microscopy analysis: The fluorescence microscopy 
(Fig. 3) shows the images of T. evansi in the presence of STS 20 nM (b) 
and digitonin (6 mM). The STS modified the surface, whereas permeant 
agent (digitonin) completely changed the cells, where annexin V 
interacted with internal membranes. Additionally the STS changed the 
morphology of the parasite. This process could be associated with the 
accumulation of autophagic vacuoles in the cytoplasm32.
DISCUSSION
This appears to be the first report showing evidence for the apoptotic-
like death of T. evansi. The concept of apoptotic death in unicellular 
organisms is yet to be understood, but it has been thought that several 
hundreds of parasites could perform as a complex community apparently 
analogous to the multicellular organisms. Hence contacts among cells 
could trigger apoptotic signals13.
Apoptosis in trypanosomatids has been suggested to regulate 
parasitaemia and differentiation in the insect vector and the coat of 
procyclin molecules present on the surface of procyclic stages24,35. Unlike 
other trypanosomes species, whose life cycle needs an intermediate host 
before reaching the adult stage, T. evansi does not undergo development 
in an intermediate host. Most of the studies have reported T. evansi as a 
monomorphic parasite31,40,41. However, it has suggested pleomorphism 
in atypical forms of T. evansi19,31. This phenomenon depends on the host 
and environmental conditions of growth of this parasite11,13,17. 
The relevance of apoptosis in this restricted bloodstream parasite 
remains to be clarified. Nevertheless apoptosis could be a mechanism for 
regulating cell population which would mitigate the effect of infection 
in the host12,13. In this regard, the host-derived signals could be used to 
control the parasite density. Different studies have found the presence of 
T. evansi in cerebrospinal fluid and parasite DNA in different areas of the 
central nervous system from infected animals4,9,10. Additionally, PAIM 
et al.23 have found that infection with T. evansi caused changes in the 
concentrations of 3-nitrotyrosine residues (indirect NO detection) in the 
CNS of rats infected with T. evansi. Oxygen and nitrogen radicals as well 
as heat shock can induce defined forms of cell death in several parasitic 
protozoa7,16,34. This kind of molecule represents danger signals for the 
host to regulate parasite population, thereby facilitating the survival of 
the host but ensuring a sustained infection13,34,
Our findings indicate that this apoptotic cell death process is triggered 
in T. evansi, as in mammalian cells, by STS. Apoptotic effects of STS in 
mammalian cells could be produced by different mechanisms: caspase-
independent and caspase-dependent. Therefore, this molecule has 
pleiotropic effects3. Nevertheless we can consider the way the STS elicits 
apoptotic-like death in T. evansi. STS is a potent protein kinase C (PKC) 
inhibitor. WELBURN & MURPHY36 have reported an upregulation of 
receptor for activated protein kinase C (RACK) in the bloodstream form 
of T. brucei when cell death is induced with concanavalin A. This suggests 
the existence of cell death-PKC-related is similar in higher eukaryotes. 
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Fig. 1 - Flow cytometry analysis of the apoptotic features of T. evansi death. T. evansi were incubated in the absence (Control) or presence of staurosporine (20 nM) for 24 h. (a) light scattering 
properties, (b) phosphatidylserine exposures (PS) and (c) mitochondrial membrane potential (DYm).
The presence of cysteine proteinases and metacaspases has been 
reported in T. evansi28,37, but there is no consistent data in trypanosomatids 
regarding the caspase implication in apoptotic-like death13,34. However, 
apoptosis mediated by proteases dissimilar to classical caspases have 
been reported by numerous authors5,30. Cysteine proteinases of T. 
evansi, resemble the mammalian lysosomal cathepsin B and L, which 
are implicated in apoptotic processes20,37. Future studies to elucidate the 
role of T. evansi’s proteases in apoptosis will be made.
Microscopy analysis data suggest the vacuolation process. It has 
been reported that apoptosis induces vacuolation. We find morphological 
modification in the presence of staurosporine. Previously YIN et al.38 have 
shown the vacuolation process to be induced by STS in Blastocystis, spp. 
On the other hand the feasibility of the other death process (autophagy) 
could be settling during STS induction33.
Independent of the molecular nature of the effectors involved, our 
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Fig. 2 - Cell permeability and DNA content in T. evansi in absence and presence of staurosporine. a) Fluorescence of PI and b) DNA content in absence and presence of STS in T. evansi cells 
previously permeabilized with digitonin 6 mM at 30 min.
finding suggests that T. evansi has the capacity to achieve cytoplasmic 
features of apoptosis, which could have implications for the pathogenesis 
of this parasite. Numerous findings suggest that the ingestion of apoptotic 
cells by macrophages or dendritic cells induces a downregulation of 
the macrophage capacity to secrete pro-inflammatory cytokines and 
the dendritic cell capacity to activate an immune response to foreign 
antigens. Consequently it limits the potential for neutrophil-mediated 
tissue damage during progression of inflammatory responses15,27. Drugs 
elicit apoptosis in parasites that could be favorable for the host. Future 
findings in this area could help to elucidate this feature. 
The continuous emergence of drug resistance is a pressing need for 
new chemotherapeutic agents. MUREGI et al.21 found that apoptosis can 
be modulated in resistant Plasmodium berghei since the cost of fitness 
resulted in a greater degree of internucleosomal DNA fragmentation. 
Thereby the apoptosis-like cell-death mechanism in T. evansi can be 
beneficial to respond to the increasing problem of drug resistance in 
this trypanosomosis. 
RESUMEN
Actividad proapoptótica de la estaurosporina en cultivos axénicos 
de Trypanosoma evansi
Trypanosoma evansi es un hemoparásito, el cual es el agente causal 
de la surra (tripanosomiasis) en mamíferos, perteneciente al orden 
Kinetoplastidae. Este estudio se oriento a caracterizar la muerte celular 
similar a apoptosis en cultivos in vitro de Trypanosoma evansi a través 
del uso del inductor esturosporina. Este efecto se evaluó a través de 
Fig. 3 - Fluorescence microscopy in T evansi cells. Apoptosis-inducing activity was 
evaluated by morphological observation. Annexin-V green fluorescence signal in control 
(a), staurosporine (20 nM, at 24h) and digitonin 6 mM.
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diversos aspectos fenotípicos de la apoptosis: el encogimiento celular, 
la exposición de fosfatidilserina, el mantenimiento de la integridad de 
la membrana plasmática y el potencial de membrana mitocondrial. Para 
evaluar estas características se utilizaron técnicas de citometría de flujo y 
microscopía de fluorescencia con cultivos en fase estacionaria ajustados a 
una densidad de 106 células/mL. El efecto apoptótico de la estaurosporina 
en Trypanosoma evansi fue evaluado a una concentración de 20 nM. Se 
evidenció un aumento de la exposición a fosfatidilserina, mientras que 
el potencial mitocondrial disminuyó. Por otra parte, no hay evidencias 
de aumento de la permeabilidad celular con estaurosporina, sugiriendo 
la ausencia de un proceso necrótico. Estudios adicionales son necesarios 
para dilucidar las posibles vías asociadas con esta forma de muerte celular 
en este hemoparásito.
ACKNOWLEDGEMENTS
We are very grateful to Dr. José Cardier (Centro de Medicina 
Experimental, IVIC, Caracas, Venezuela) for providing the use of a 
FACSexcalibur® cell sorter and Victor Salazar (Histology Service, 
Biophysics and Biochemistry Center, IVIC) for their assistance in 
carrying out the parasite pictures.
AUTHOR CONTRIBUTIONS
The work presented here was carried out in collaboration with all 
the authors. G. Bruges and A. Mijares defined the research theme and 
interpreted the results and wrote the paper. G. Bruges and M. Betancourt 
designed methods and experiments and analyzed the data. M. Betancourt, 
M. March and E. Sánchez carried out the laboratory experiments and 
strain T. evansi maintenance. All the authors have contributed in viewing 
and approving the manuscript.
REFERENCES
 1. Arnoult D, Akarid K, Grodet A, Petit PX, Estaquier J, Ameisen JC. On the evolution of 
programmed cell death: apoptosis of the unicellular eukaryote Leishmania major 
involves cysteine proteinase activation and mitochondrion permeabilization. Cell 
Death Differ. 2002;9:65-81.
 2. Baltz T, Baltz D, Giroud C, Crockett J. Cultivation in a semi-defined medium of animal 
infective forms of Trypanosoma brucei, T. equiperdum, T. evansi, T. rhodesiense and 
T. gambiense. EMBO J. 1985;4:1273-7.
 3. Belmokhtar CA, Hillion J, Ségal-Bendirdjian E. Staurosporine induces apoptosis 
through both caspase-dependent and caspase-independent mechanisms. Oncogene. 
2001;20:3354-62.
 4. Berlin D, Loeb E, Baneth G. Disseminated central nervous system disease caused by 
Trypanosoma evansi in a horse. Vet Parasitol. 2009;161:316-9.
 5. Blink E, Maianski NA, Alnemri ES, Zervos AS, Roos D, Kuijpers TW. Intramitochondrial 
serine protease activity of Omi/HtrA2 is required for caspase-independent cell death 
of human neutrophils. Cell Death Differ. 2004;11:937-9.
 6. Bortner CD, Cidlowski JA. A necessary role for cell shrinkage in apoptosis. Biochem 
Pharmacol. 1998;56:1549-59.
 7. Bruchhaus I, Roeder T, Rennenberg A, Heussler VT. Protozoan parasites: programmed 
cell death as a mechanism of parasitism. Trends Parasitol. 2007;23:376-83.
 8. Camargo RE, Uzcanga GL, Bubis J. Isolation of two antigens from Trypanosoma evansi 
that are partially responsible for its cross-reactivity with Trypanosoma vivax. Vet 
Parasitol. 2004;123:67-81.
 9. Da Silva AS, Bellé LP, Bitencourt PE, Perez HA, Thomé GR, Costa MM, et al. 
Trypanosoma evansi: adenosine deaminase activity in the brain of infected rats. Exp 
Parasitol. 2011;127:173-7.
 10. Da Silva AS, Monteiro SG, Goncalves JF, Spanevello R, Oliveira CB, Costa MM, et al. 
Acetylcholinesterase activity and lipid peroxidation in the brain and spinal cord of 
rats infected with Trypanosoma evansi. Vet Parasitol. 2011;175:237-44.
11. Dávila AM, Silva RA. Animal trypanosomiasis in South America. Current status, 
partnership, and information technology. Ann N Y Acad Sci. 2000;916:199-212.
12. Debrabant A, Nakhasi H. Programmed cell death in trypanosomatids: is it an altruistic 
mechanism for survival of the fittest? Kinetoplastid Biol Dis. 2003;2:7.
13. Duszenko M, Figarella K, Macleod ET, Welburn SC. Death of a trypanosome: a selfish 
altruism. Trends Parasitol. 2006;22:536-42.
14. Galluzzi L, Vitale I, Abrams JM, Alnemri ES, Baehrecke EH, Blagosklonny MV, et al. 
Molecular definitions of cell death subroutines: recommendations of the Nomenclature 
Committee on Cell Death 2012. Cell Death Differ. 2012;19:107-20.
15. Green DR. Apoptotic pathways: paper wraps stone blunts scissors. Cell. 2000;102:1-4.
16. Holzmuller P, Bras-Goncalves R, Lemesre JL. Phenotypical characteristics, biochemical 
pathways, molecular targets and putative role of nitric oxide-mediated programmed 
cell death in Leishmania. Parasitology. 2006;132(Suppl):S19-32.
17. Kaminsky R, Zweygarth E. Feeder layer-free in vitro assay for screening antitrypanosomal 
compounds against Trypanosoma brucei brucei and T. b. evansi. Antimicrob Agents 
Chemother. 1989;33:881-5.
18. Karaman MW, Herrgard S, Treiber DK, Gallant P, Atteridge CE, Campbell BT, et al. A 
quantitative analysis of kinase inhibitor selectivity. Nat Biotechnol.2008;26:127-32.
19. Miles MA. Pleomorphism demonstrated in a clone of an akinetoplastic strain of 
Trypanosoma evansi. Trans R Soc Trop Med Hyg. 1970;64:471.
20. Morty RE, Pellé R, Vadász I, Uzcanga GL, Seeger W, Bubis J. Oligopeptidase B from 
Trypanosoma evansi. A parasite peptidase that inactivates atrial natriuretic factor in 
the bloodstream of infected hosts. J Biol Chem. 2005;280:10925-37.
21. Muregi FW, Ohta I, Masato U, Kino H, Ishih A. Resistance of a rodent malaria parasite 
to a thymidylate synthase inhibitor induces an apoptotic parasite death and imposes 
a huge cost of fitness. PLoS One. 2011;6:e21251.
22. Ngeranwa JJ, Gathumbi PK, Mutiga ER, Agumbah GJ. Pathogenesis of Trypanosoma 
(brucei) evansi in small east African goats. Res Vet Sci. 1993;54:283-9.
23. Paim FC, Da Silva AS, Wolkmer P, Costa MM, Da Silva CB, Paim CB, et al. Trypanosoma 
evansi: concentration of 3-nitrotyrosine in the brain of infected rats. Exp Parasitol. 
2011;129:27-30.
24. Pearson TW, Beecroft RP, Welburn SC, Ruepp S, Roditi I, Hwa KY, et al. The major 
cell surface glycoprotein procyclin is a receptor for induction of a novel form of cell 
death in African trypanosomes in vitro. Mol Biochem Parasitol. 2000;111:333-49.
25. Perrone TM, Gonzatti MI, Villamizar G, Escalante A, Aso PM. Molecular profiles of 
Venezuelan isolates of Trypanosoma sp. by random amplified polymorphic DNA 
method. Vet Parasitol. 2009;161:194-200.
26. Pimentel-Elardo SM, Kozytska S, Bugni TS, Ireland CM, Moll H, Hentschel U. Anti-
parasitic compounds from Streptomyces sp. strains isolated from Mediterranean 
sponges. Mar Drugs. 2010;8:373-80.
27. Rossi AG, McCutcheon JC, Roy N, Chilvers ER, Haslett C, Dransfield I. Regulation of 
macrophage phagocytosis of apoptotic cells by cAMP. J Immunol. 1998;160:3562-8.
28. Roy N, Nageshan RK, Pallavi R, Chakravarthy H, Chandran S, Kumar R, et al. Proteomics 
of Trypanosoma evansi infection in rodents. PLoS One. 2010;5:e9796.
BRUGES, G.; BETANCOURT, M.; MARCH, M.; SANCHEZ, E. & MIJARES, A. - Apoptotic-like activity of staurosporine in axenic cultures of Trypanosoma evansi. Rev. Inst. Med. Trop. 
Sao Paulo, 54(2): 103-8, 2012.
108
29. Savill NJ, Seed JR. Mathematical and statistical analysis of the Trypanosoma brucei 
slender to stumpy transition. Parasitology. 2004;128:53-67.
30. Schrader K, Huai J, Jöckel L, Oberle C, Borner C. Non-caspase proteases: triggers or 
amplifiers of apoptosis? Cell Mol Life Sci. 2010;67:1607-18.
31. Tamarit A, Tejedor-Junco MT, Gonzalez M, Alberola J, Gutierrez C. Morphological and 
biometrical features of Trypanosoma evansi isolates from an outbreak in mainland 
Spain. Vet Parasitol. 2011;177:152-6.
32. Tan KS, editor. Programmed cell death and the enteric protozoan parasite Blastocystis 
hominis: perspectives and prospects. New York: Landes Bioscience; 2008.
33. Tsujimoto Y, Shimizu S. Another way to die: autophagic programmed cell death. Cell 
Death Differ. 2005;12(Suppl 2):1528-34.
34. van Zandbergen G, Lüder CG, Heussler V, Duszenko M. Programmed cell death in 
unicellular parasites: a prerequisite for sustained infection? Trends Parasitol. 
2010;26:477-83.
35. Welburn SC, Barcinski MA, Williams GT. Programmed cell death in trypanosomatids. 
Parasitol Today. 1997;13:22-6.
36. Welburn SC, Murphy NB. Prohibitin and RACK homologues are up-regulated in 
trypanosomes induced to undergo apoptosis and in naturally occurring terminally 
differentiated forms. Cell Death Differ. 1998;5:615-22.
37. Yadav SC, Kumar R, Kumar S, Tatu U, Singh RK, Gupta AK. Identification and 
characterization of cysteine proteinases of Trypanosoma evansi. Parasitol Res. 
2011;109:559-65.
38. Yin J, Howe J, Tan KS. Staurosporine-induced programmed cell death in Blastocystis 
occurs independently of caspases and cathepsins and is augmented by calpain 
inhibition. Microbiology. 2010;156:1284-93.
39. Zangger H, Mottram JC, Fasel N. Cell death in Leishmania induced by stress and 
differentiation: programmed cell death or necrosis? Cell Death Differ. 2002;9:1126-
39.
40. Zweygarth E, Kaminsky R. In vitro differentiation between Trypanosoma brucei brucei 
and T.b. evansi. Trop Med Parasitol. 1989;40:115-6.
41. Zweygarth E, Kaminsky R, Cheruiyot JK. A simple and rapid method to initiate 
Trypanosoma brucei brucei and T. brucei evansi bloodstream form cultures. Acta 
Trop. 1989;46:205-6.
Received: 05 October 2011
Accepted: 20 December 2011 
